paleoequatorial hurricane-free depositional settings, based on the following working hypotheses: 1) Comparison of modern and Paleozoic hurricane patterns has been strengthened by recent studies showing that cold south polar regions with permanent ice caps probably existed during the Late Ordovician and Early Silurian (Finnegan et al., 2011) . Thus it is reasonable to assume that Late Ordovician temperature gradient between the polar and tropical areas, and hence the hurricane pattern, was analogous to that on Earth today.
2) Strong hurricanes or cyclones, usually in the tropics between 10-30° latitudes, are capable of generating long-period waves that can disturb and rework sediments up to 120 m or deeper.
3) A suite of sedimentary features is known to be generated by hurricane-grade storms, such as hummocky cross stratification (HCS) that forms between fair-weather wave base and maximum storm wave base, usually 15-120 m (Dumas and Arnott, 2006) . Shell-bearing sediments below fair-weather wave base can be suspended and redeposited by severe storms as amalgamated shell coquinas and segregated mud drapes, often with prominent scoured bases, HCS, and graded bedding (Kidwell, 1985) . accumulated in a somewhat shallow-water depositional environment than the massive-bedded Thalassinoides facies (MBTF), near the fair-weather wave base. In addition to the sedimentological evidence discussed in the main text, the Thalassinoides beds intercalated with the NABS at the Schley Fjord section are notably thinner and irregular in comparison to the typical MBTF, due to the influence of fair-weather waves (see Fig. 2E ).
In contrast to the Proconchidium NABS of North Greenland, the Virgiana shell beds, composed of brachiopod shells of similar size and shape as, and of close phylogenetic relationship to, Proconchidium, are found in a comparable shallow-water, open-marine shelf environment of Anticosti Island (locality 13, Fig. 1 ), but have striking sedimentary structures generated by severe storms ( Fig. 3; Fig. DR4 ).
In this study, the two types of paleobiological indicators: massive-bedded Thalassinoides facies (MBTF) and non-amalgamated brachiopod shell beds (NABS), agree well with the paleomagnetic data in locating the Late Ordovician equator. In high paleotropical latitudes (e.g. localities 10-13, Fig. 1 ), these biofacies disappear and are replaced by carbonate rocks with common sedimentary structures (HSC, scours and channels, graded bedding, amalgamated coquinas or bioclastic grainstones) generated by severe storms in relatively deep water (15-100 m), such as those in the Upper Ordovician strata of southern Ontario, western New York State (Brookfield and Brett, 1988) , Pennsylvania (Duke, 1987) ; Ohio (Ettensohn et al., 2002) , and Anticosti Island, Quebec (Long, 2007) .
Below is a list of the various paleobiological localities (with key references) used for analysis of paleolatitudical gradient ( Fig. 1): 1, Børglum Elv, North Greenland; 2, Schley Fjord, North Greenland; 3, Brodeur Peninsula, Baffin Island; 4, southern Manitoba; 5, Bighorn Mountain, northern Wyoming (Holland and Patzkowsky, 2007) ; 6-9, border area of Utah-Nevada, Great Basin (Sheehan and Schiefelbein, 1984); 10, Cincinnati type areas, Ohio-Kentucky-Indiana tri-state borderland; 11, Lake Simcoe area, Ontario; 12, Trenton area, New York State; 13, Anticosti Island, Quebec.
Determining the Ordovician south pole using paleobiological and paleomagnetic data
The following localities have been used to determine the Late Ordovician south pole position for Laurentia (-13.5EN, 326.5 E; A95=13.5E) by assuming that each locality was located at the paleoequator and then solving for the best for intersection of great circles to each locality (see Fig. DR5 ). Faunal localities are given in present North American coordinates. Localities in North Greenland have been rotated to present North America coordinates using the Euler rotation 67.5 EN, -118.5 E, angle -14E to correct for Mesozoic-Cenozoic rifting.
Massive-bedded Thalassinoides facies (MBTF; see Table DR1) 1, Gillis Quarry, Garson, southern Manitoba, 50°04'30"N, 96°41'45"W. Table DR1 . Table   Table DR1 . Paleobiological and paleomagnetic data used for determining the Late Ordovician south pole positions (SSP) as shown in Fig. DR5 . Unit age is given as a chronostratigraphic age with numerical age 6 inferred (in Ma); Location is the central latitude and East longitude of the paleomagnetic study sites. N:
Supplementary
Number of paleomagnetic sites in a given study which define its result. Paleomagnetic result is the mean direction reported, with D = declination, IE = inclination, and α95E = the radius of the cone of 95% confidence about the direction. Paleopole (south): Calculated south pole position relative to Laurentia, with A95E representing the radius of 95% confidence about the pole position. Q = Quality value (maximum of 7); REFNO is the paleomagnetic result reference in the Global Paleomagnetic Database (ver. 4.6). 
